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Magnetically mediated Cooper pairing is gen-
erally regarded as a key to establish the uni-
fied mechanism of unconventional superconduc-
tivity [1–3]. One crucial evidence is the neu-
tron spin resonance arising in the superconduct-
ing state, which is commonly interpreted as a
spin-exciton from collective particle-hole excita-
tions confined below the superconducting pair-
breaking gap (2∆) [4–8]. Here, on the basis
of inelastic neutron scattering measurements on
a quasi-two-dimensional iron-based superconduc-
tor KCa2Fe4As4F2, we have discovered a two-
dimensional spin resonant mode with downward
dispersions, a behavior closely resembling the low
branch of the hour-glass-type spin resonance in
cuprates [6, 7]. The resonant intensity is pre-
dominant by two broad incommensurate peaks
near Q =(0.5, 0.5) with a sharp energy peak at
ER = 16 meV. The overall energy dispersion of the
mode exceeds the measured maximum total gap
∆tot = |∆k| + |∆k+Q|. These experimental results
deeply challenge the conventional understanding
of the resonance modes as magnetic excitons re-
gardless of underlining pairing symmetry schemes
[6–14], and it also points out that when the iron-
based superconductivity becomes very quasi-two-
dimensional, the electronic behaviors are similar
to those in cuprates.
Broadly speaking, there are currently only two families
of unconventional superconductors that show high-Tc su-
perconductivity, i.e., cuprates and iron-based supercon-
ductors (FeSCs). Whether they share a common super-
conducting mechanism is still an open question at the
frontier of modern condensed matter physics [15]. Unlike
the well-established intra-band d−wave pairing symme-
try in cuprates (Fig. 1a), the iron-based superconductiv-
ity is complicated for its multi-band nature and can have
sign-reversed s±-wave pairings from inter-band repulsive
interactions on the Fermi surfaces connected by a finite
wavevector Q [16] (Fig. 1b). Such pairing symmetry
can be approached by two very different scenarios, either
from the Fermi surface nesting between hole and elec-
tron pockets under weak coupling [17–19], or from short-
range antiferromagnetic (AF) fluctuations under strong
coupling similar to cuprates [15, 20, 21]. The latter pic-
ture is supported by the strong AF fluctuations through-
out the phase diagram of FeSCs, and some endeavors
have been applied in FeSCs to search for the Mott insu-
lating state [22] and two-dimensional (2D) high-Tc super-
conductivity in analogy to cuprates [15]. Alternately, a
conventional sign-preserved (s++) pairing picture is also
proposed in FeSCs, where the Cooper pairs are medi-
ated by inter-band attractive interactions driven by or-
bital fluctuations [12, 13] (Fig. 1c).
In copper-oxide, heavy-fermion, iron-pnictide chalco-
genide superconductors, a neutron spin resonance served
as the hallmark of a sign-reversed pairing symmetry is
intensively observed [1–8]. This collective mode is born
from the dynamic spin susceptibility χ′′(Q,ω) already
present in the normal state, and its intensity changes
with temperature like the superconducting order param-
eter [23]. More importantly, the mode energy ER seems
linearly related to either Tc or the superconducting gap
[6, 24], hinting a universal magnetic origin of the Cooper
pairings in unconventional superconductors analogous
to the phonon mediated conventional superconductivity
[7, 25]. Although many theories have been proposed to
explain the spin resonance in unconventional supercon-
ductors, the most successful candidate until now is the
so-called spin-exciton picture [6, 7]. Namely, the spin
resonance is a spin-1 exciton from the collective particle-
hole excitations below a spin-flip continuum energy ~ωc,
which should be slightly lower than twice of the super-
conducting gap (pair-breaking gap) 2∆. Thus the disper-
sion of spin resonance is determined by the momentum
dependence of the spin fluctuations and simultaneously
limited by the continuum threshold ~ωc. In the single-
band d−wave superconductors like cuprates, as the gap
magnitude is strongly momentum dependent from the
antinodal to nodal region, a downward dispersion of the
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FIG. 1: Neutron spin resonance and pairing symmetry in cuprates and iron-based high-Tc superconductors.
a, Single-band d−wave pairing in hole-doped cuprates. b, Sign-reversed multi-band s±−pairing in FeSCs. c, Sign-preserved
multi-band s++−pairing in FeSCs. d, e, f, Dispersion of spin excitations / resonance in the superconducting state corresponding
to the pairing symmetries in a, b, c. g, Comparison between the sharp resonant peak under s±−pairing, broad resonant peak
under d−pairing and broad spin-resonance-like hump under s++-wave pairing in FeSCs as shown by the local susceptibility
χ′′(Q,ω) below Tc. h, Summarized spin resonance energy ER versus Tc in iron-based superconductors, where the grey dash
line ER = 4.9kBTc scales most of them, and ER = 5.8kBTc is usually used in cuprates. Here ~ωc is the continuum threshold
energy in cuprates, and ∆tot = |∆k| + |∆k+Q| is defined as the total superconducting gaps summed on two Fermi surfaces
connected by the wavevector Q.
resonance is observed beneath the dome of ~ωc [6]. To-
gether with the upward magnon-like dispersion at ener-
gies above ER, they form an hour-glass-type spin excita-
tions (Fig. 1d) [2]. In the s±−wave superconductors
like FeSCs, ~ωc is defined by the total superconduct-
ing gap summed on two Fermi surfaces linked by the
wavevector Q: ∆tot = |∆k| + |∆k+Q|, and it is usually
momentum independent, the resonance should reveal an
upward magnon-like dispersion instead (Fig. 1e) [8–11].
Alternately, a resonance-like hump is also proposed in
FeSCs under the s++−pairing picture due to the self-
energy effect induced redistribution of spin fluctuations
below Tc [12–14]. When the enhancement of dynamical
spin susceptibility from self energy exceeds the suppres-
sion due to the coherence factor effect in the supercon-
ducting state, the spin excitations may have a steep up-
ward dispersion in momentum space (Fig. 1f) [26] and
form a broad energy hump (Fig. 1g) above ∆tot [13, 14].
For comparison, a broad spin resonant peak below ∆tot
is expected when d−wave pairings emerge on the hole
pockets in the zone center (Fig. 1g) [18]. Experimen-
tally, only upward dispersions of the spin resonances are
observed in FeSCs [11, 26–28], where its velocity is nor-
malized by Landau damping in comparison to the nor-
mal state spin fluctuations [11], and ER is usually be-
neath ∆tot (ER/∆tot ≈ 0.64) [24, 29], thus supporting
the spin-exciton picture under s±−pairing. Moreover,
the linearly scaling ratio between ER and kBTc among
FeSCs is about 4.9, slightly lower than that in cuprates
where ER/kBTc = 5.8 (Fig. 1h) [7, 30].
The newly discovered 12442-type FeSC KCa2Fe4As4F2
with Tc = 33.5 K exhibits many properties strongly
resembling those in cuprates. Its crystal struc-
ture can be viewed as an inter-growth of 1111-type
CaFeAsF and 122-type KFe2As2, where the asym-
metric bilayers of Fe2As2 are separated by the insu-
lating Ca2F2 layers (Fig. 2a) [31], much like the
double CuO2 planes structure in copper oxides like
Bi2Sr2CaCu2O8+δ (Bi2212), YBa2Cu3O6+δ (YBCO)
and La2−xSrxCaCu2O6 (LSCCO), etc [32]. Because the
distance of intra-bilayer dintra = 6.835 A˚ is similar to
the interlayer spacing in KFe2As2 (d = 6.94 A˚), and the
inter-bilayer distance is even larger with dinter = 8.632
A˚ , both of them are not close enough to establish a 3D
long-range AF order [33]. Thus this compound is natu-
rally paramagnetic in a body-centred tetragonal lattice,
and such structure yields a hole-type self-doping at a level
of 0.25 holes/Fe without any impurity effects from chemi-
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FIG. 2: Crystal structure, Fermi surface and the spin resonance mode of KCa2Fe4As4F2 a, Crystal structure with
interlaced stacks of CaFeAsF and KFe2As2, where the Fe2As2 bilayers are separated by insulating Ca2F2 blocks. b and c, DFT
calculation results on the Fermi surfaces[40]. There are 4 visible hole pockets with distinct sizes around Γ point (α, β, γ1, γ2)
and 3 small electron pockets (δ1,2,3) around M point. The Fermi pockets corresponding to are shown in the 2D Brillouin zone
of 2-Fe unit cell, and each of them consists of different orbitals of Fe2+ such as dxy, dxz, dyz, dx2−y2 and dz2 . d, Sketch picture
of the spin resonance mode and its downward dispersion. The intensity are obtained from the neutron counts by subtracting
the 40 K data at normal state from 8 K data in the superconducting state.
cal dopants [34]. Transport measurements on 12442-type
compounds suggest that both normal state and super-
conducting state are highly anisotropic [35–38], much like
the quasi-2D characteristic in cuprates. Our recent angle-
resolved-photoemission-spectroscopy (ARPES) measure-
ments also reveal a clear band splitting effect similar to
the case in Bi2212, but here it is induced by the inter-
layer interorbital interactions within the Fe2As2 bilayer
unit [7, 39]. While the Density-Functional-Theory (DFT)
calculations based on ab−initio electronic structures sug-
gest 10 degenerated bands forming four visible hole pock-
ets with distinct sizes around Γ point and three small
electron pockets around M point (Fig. 2b) [40], three
splitting hole pockets and a very tiny electron pocket
(rδ ≈ 0.04pi/a) are also observed by ARPES measure-
ments [39]. All these facts suggest the Fermi surface
nesting along (pi, pi) direction is unlikely to happen in this
compound. However, the s±-wave pairings under strong
coupling approach can still occur between the hole and
electron pockets connected by a longitudinal wavevector
Q along (pi, pi) direction (Fig. 2c), forming a spin reso-
nant mode around wavevector Q.
Here using inelastic neutron scattering to study the
low-energy spin excitations of KCa2Fe4As4F2 single crys-
tals, we have discovered a spin resonant mode at 16 meV
with two incommensurate peaks and downward disper-
sions along [H,H] direction (Fig. 2d). The main results
are shown in Fig. 3. We have performed energy scans
at Q = (0.5, 0.5, L) from 2 meV to 35 meV for L from 1
to 10 in the [H,H,L] scattering plane. After subtract-
ing the intensity of spin excitations in the normal state
(T = 40 K), we can identify a spin resonant mode in the
superconducting state at T = 8 K for a clear spectral-
weight gain above 13 meV and a depletion below this
energy. The resonant peak has a maximum intensity at
ER = 16 meV and a nearly resolution-limited width, and
all data are overlapped for different Ls (Fig. 3a). Further
L−dependence were measured at fixed energies E = 17
meV and 6 meV, both of which show no L− modula-
tion but simply follow the square of Fe2+ magnetic form
factor (Fig. 3b). Thus the resonance is completely 2D,
consistent with the transport results for the supercon-
ductivity confined within the Fe2As2 bilayers [35–38]. To
map out the dispersion of the resonance, we have carried
out systematic constant-energy scans along [H,H, 6] di-
rection from 3 meV to 22 meV. The contamination of
the phonon scattering can be removed by the intensity
difference between 8 K and 40 K, which clearly reveals
two incommensurate resonant peaks along [H,H] direc-
tion in broad widths (Fig. 3c). There is a weak negative
intensity difference below 12 meV, but two asymmetric
peaks emerge above 11 meV and their intensities quickly
increase before finally merge together at 18 meV then
disappear above 20 meV. We demonstrate the spectral-
weight gain for the resonance mode in 2D color mapping
in Fig. 3d, where most contributions are from spin exci-
tations around 16 meV, namely, the resonant energy ER.
After applying a two-gaussian-peak fitting, we obtain an
explicit downward dispersion of the resonance with in-
creasing peak width upon increasing energy (Fig. 3c).
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FIG. 3: Neutron spin resonant mode in KCa2Fe4As4F2. a, Spin resonant peak as shown by the difference between T = 8
K and T = 40 K of energy scans at Q = (0.5, 0.5, L) with L = 1 ∼ 10. b, L−dependence of the difference between T = 8 K
and T = 40 K of spin excitations at E = 17 meV and 6 meV, respectively. The solid lines represent the square of magnetic
form factor | F (Q) |2 after normalizing to the intensity. c, Constant-energy scans of the intensity difference between T = 8 K
and T = 40 K along the [H,H, 6] direction from E = 10 meV to 22 meV. All data are shifted by a fixed step for clarity. The
solid lines are two-gaussian-peak fitting curves, where the data from 18 meV to 20 meV is only fitted by single gaussian peak.
d, Color mapping of the resonant intensity obtained from c. e, Integrated intensity differences between T = 8 K and T = 40
K from 3 meV to 22 meV. The shadow regions suggest similar areas for the negative and positive intensities. f, Temperature
dependence of the spin resonance intensity at E = 17 meV and Q = (0.5, 0.5, 6) after subtracting a constant background from
35 to 50 K. The arrow marks the Tc = 33.5 K. Here the horizontal bar shows the energy resolution of Taipan spectrometer,
and all dashed lines are guides to eyes.
At 18 meV and 19 meV, we have to use a single gaussian
peak function to fit for the broad and weak intensity. The
energy dependence of the integrated intensity from fitting
functions is present in Fig. 3e. The resonant peak is even
sharper compared to that in the energy scans and clearly
resolution limited. The spectral-weight is conserved for
nearly identical areas of the negative and positive parts.
Fig. 3f shows the order-parameter-like intensity gain for
the resonance at E = 17 meV and Q = (0.5, 0.5, 6), which
decreases upon warming up and ceases at Tc = 33.5 K.
We further summarize the dispersion of spin resonance
and compare with the momentum dependence of ∆tot(Q)
from ARPES results [39] in Fig. 4a. Since both the
pocket sizes and superconducting gaps are quite diver-
gent (∆α = 5.6 meV, ∆β1 = 4.1 meV, ∆β2 = 7.9 meV,
∆γ1 = 2.1 meV, ∆γ2 = 1.9 meV and ∆δ = 5.3 meV), and
the hole pockets are strongly mismatched with the only
electron pocket [40] (rh >> re), ∆tot actually has dif-
ferent magnitudes at several incommensurate wavevetors
Q±d along [H,H] direction, where the incommensurabil-
ity d is determined by the mismatched radiuses
√
r2h − r2e .
Although an hour-glass-like shape of ∆tot(Q) qualita-
tively scales with the downward dispersion of the spin res-
onance, the overall resonant intensities are clearly above
∆tot for most of Q positions, where we couldn’t identify
the incommensurability of those resonant peaks above 18
meV for their weak intensities and broadening widths.
Such results are apparently inconsistent with the spin-
exciton picture under s±−pairing [8, 11, 18]. The reso-
lution limited peak width of energy dependence together
with downward dispersions cannot be explained by the
s++−pairing picture [12–14], either. Only when the sys-
tem is proximate to the magnetic quantum critical point
(QCP), s++−pairing may give a sharp peak of χ′′(Q,ω)
above ∆tot [14]. However, KCa2Fe4As4F2 has a hole con-
centration similar to the overdoped Ba1−xKxFe2As2 and
certainly far away from a magnetic instability or QCP
[31, 33, 34], as electron dopings from Co or Ni sub-
stitutions cannot induce any magnetic orders but only
suppress the Tc [41]. We give a direct comparison be-
tween the resonant energy ER and ∆tot together with
other FeSCs in Fig. 4b, here we use ∆tot = 13.2 meV
(β2+δ), 10.9 meV (α+δ), 9.4 meV (β1+δ), respectively.
For all cases, we have ER/∆tot > 1. Neutron scatter-
ing on the powder sample of another 12442-type FeSC
CsCa2Fe4As4F2 (Tc = 28.9 K) suggests a spin resonance
at ER = 15 meV [42], and µSR experiments give two
superconducting gaps ∆L= 7.5 meV and ∆S= 1.5 meV,
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FIG. 4: Comparison between the resonant energy ER
and the total superconducting gap ∆tot. a, Dispersion
of the spin resonance above ∆tot(Q) in KCa2Fe4As4F2. The
gaps are summed on two Fermi pockets linked by longitudi-
nally incommensurate wave vectors Q + d and Q − d. The
horizontal bars are the peak width obtained from the gaus-
sian fittings in Fig. 3c. The shadow areas mark the size of
electron pocket at M point [40]. b, The ratio of ER/∆tot in
12442-type FeSCs and other compounds. Here we use three
values of ∆tot for KCa2Fe4As4F2 (∆tot = 13.2 meV (β2 + δ),
10.9 meV (α + δ), 9.4 meV (β1 + δ) from ARPES results),
and two values for CsCa2Fe4As4F2 (∆L + ∆L= 15 meV and
∆L + ∆S= 9 meV from µSR results).
resulting in ER/∆tot ≥ 1, too. Apparently, the large
ratio of ER/∆tot makes the 12442-type FeSCs different
from other systems, where the scaling of ER/∆tot = 0.64
holds for most compounds.
Regardless of the abnormal ratio of ER/∆tot, the ob-
served spin resonance in KCa2Fe4As4F2 at Q = (0.5, 0.5)
(or (pi, pi)) certainly cannot be explained by the Fermi
surface nesting picture but basically agrees with the
strong coupling picture [39], and it shares many com-
monalities with cuprates [1, 6, 7]. Firstly, the resonant
energy ER = 16 meV gives a ratio ER/kBTc of 5.5, larger
than those other FeSCs (Fig. 1h) [30]. Together with
CsCa2Fe4As4F2 and the 112-type FeSC, such ratio in
these materials with 2D spin resonance seems to follow
the relation ER/kBTc = 5.8 in cuprates [24, 30, 42]. Sec-
ondly, the 2D nature of the resonant intensity directly
response to the anisotropic superconductivity similar to
that in cuprates [7, 35–38]. Due to weak intra-bilayer
magnetic interactions, a splitting for the odd and even
L−modulated resonant modes as found in CaKFe4As4,
underdoped YBCO and Bi2212 does not appear in this
compound [6, 29]. Finally, the downward dispersion of
the spin resonance mode intimately resembles the lower
branch of the hour-glass-type of spin excitations in hole-
doped cuprates [2, 6, 7]. It should be noticed that a small
d−wave gap (< 2 meV) may exist in KCa2Fe4As4F2
as shown by µSR experiments [43], but it can’t cause
a downward dispersion of the spin resonance at high
energy. For reference, in the heavily hole overdoped
KFe2As2 with possible line nodes in the gaps, the spin
excitations are incommensurate both at normal and su-
perconducting state [44, 45]. Furthermore, in a heavy-
fermion compound Ce1−xYbxCoIn5 with d−wave pair-
ings on multiple fermi surfaces, an upward-dispersing res-
onance mode has been revealed, which is argued to be
induced by the strong couplings with the 3D spin waves
through the hybridization between f electrons and con-
duction electrons [46]. Therefore, along with our results
in KCa2Fe4As4F2, these counter examples suggest the
spin-exciton scenario of the spin resonance may not be
appropriate, when the local moments and itinerant elec-
trons are strongly coupled in the multi-band unconven-
tional superconductors. Further theoretical and experi-
mental investigations on the origin of the spin resonance
are highly desired in these related compounds concern-
ing the dimensionality of electronic behaviors, and it will
certainly inspire the quest for an universal mechanism of
the magnetically driven picture of unconventional super-
conductivity.
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Methods The single crystals of KCa2Fe4As4F2 were
grown by self-flux method [37, 38]. The crystals are in
good quality for highly c−orientated reflection peaks in
X-ray diffraction (XRD) measurements, and sharp
superconducting transitions at Tc = 33.5 K in resistivity
and magnetization measurements. We examined the
crystals piece by piece to exclude the KFe2As2 and
CaFeAsF impurity phases by XRD, and finally obtained
about 2.1 grams (∼ 950 pieces) of high pure single
crystals, and co-aligned them by hydrogen-free glue on
aluminum plates using an optical microscopes and an
X-ray Laue camera [40].
Neutron scattering experiments were carried out using
thermal triple-axis spectrometer Taipan at Australian
Centre for Neutron Scattering, ANSTO, Australia,
where the final neutron energy was fixed as Ef = 14.8
meV, with a pyrolytic graphite filter, a double focusing
monochromator and a vertical focusing analyzer. The
scattering plane [H,H, 0]× [0, 0, L] was defined by
Q = (H,K,L) = (qxa/2pi, qyb/2pi, qzc/2pi) in reciprocal
lattice unit (r.l.u.) using the tetragonal lattice:
a = b = 5.45 A˚, c = 30.02 A˚. The total mosaic of our
sample mount was about 4.5◦ both in [H,H, 0] and
[0, 0, L] directions. All raw data for inelastic neutron
scattering measurements are given in the supplementary
materials [40].
Plane wave pseudopotential based DFT calculations
were performed using Quantum Espresso numerical
code [47]. The plane wave cut off energy is set to 35 Ry
after performing convergence test. Self-consistent field
calculations are performed on 10×10×10 grid in
momentum space. The Fermi surfaces are estimated
using Cambridge Serial Total Energy Package using
Generalized gradient approximation and
Perdew-Burke-Enzerhof exchange correlation [48]. In
the latter case, the cut off energy and k mesh are 500
eV and 26×26×37, respectively. We have used
experimental lattice parameters [31, 33] as input to
perform the single point energy calculations.
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A. SAMPLE GROWTH AND
CHARACTERIZATION
High quality single crystals of KCa2Fe4As4F2 were
grown using self-flux method according to previous re-
ports [1–4]. KCa2Fe4As4F2 belongs to the 12442-type
iron-based superconductors [5–8], its crystal structure is
an intergrowth of the 1111-type CaFeAsF and 122-type
KFe2As2 iron-based superconductors [1, 2, 5], very simi-
lar to the 1144-type superconductors CaKFe4As4 [9, 10]
and EuRbFe4As4 [11]. As the crystallization temper-
ature for 122-type compounds are closed to 1144-type
and 12442-type compounds, a precise control of the fur-
nance temperature when cooling down the melted mix-
tures are critical in the crystal growth process. Even
though, the formation of the impurity phases of CaFeAsF
and KFe2As2 is very likely occurring during the sample
growth. To obtain high pure samples, we must do detail
sample characterizations and check their qualities. Here,
we present the transport measurements, X-ray diffrac-
tion(XRD) and elastic neutron scattering results on our
samples.
Figure S1a and S1b show the photos of our sam-
ples used in neutron experiments. The typical sizes of
our crystals are about 3∼5 mm with cleave surface on
ab−plane. The thickness along c−axis is very thin (< 0.2
mm). Using an X-ray Laue camera and an optical micro-
scope, we can easily determine the crystal orientation by
examining the 4-fold reflection patterns and some typi-
cal cleave lines. We have co-aligned about 950 pieces of
single domain cystals in a total mass about 2.1 grams on
thin aluminium plates by CYTOP hydrogen-free glue in
[H,H, 0]× [0, 0,L] scattering plane (Fig. S1(b)).
The x-ray diffraction(XRD) was performed on an x-ray
diffractometer SmartLab 9 kW high resolution diffraction
system with Cu Kα radiation(λ = 1.5406 A˚) at room
temperature ranged from 5◦ to 80◦ in reflection mode.
Typical XRD patterns are shown in Fig. S1c. Only
sharp peaks along (00 L) (L = even) orientation can be
observed, suggesting high c−axis orientation and high
quality of our samples. Figure S2 shows the temperature
dependence of resistivity and magnetic susceptibility on
a typical crystal. No anomaly features were found within
the measured temperature range, suggesting the absence
of antiferromagnetism transition. The superconducting
transition temperature is about Tc = 33.5 K, as indi-
cated by sharp transitions on zero-resistivity and fully
diamagnetic signal, which is closed to previous reports
[1–4]. If there is impurity phases of CaFeAsF, the resis-
tivity should show a kink around 121 K [12–17]. And if
there is impurity phases of KFe2As2, further diamagnetic
transition at Tc2 ≈ 3 K [18, 19] will be detected. More-
over, as the c−axis parameter of KCa2Fe4As4F2 (about
30 A˚) [1, 2] is much longer than both of them (about 8.5
A˚ for CaFeAsF [16, 17] and 13.88 A˚ for KFe2As2 [18], re-
spectively), the single crystal XRD would be a convenient
tool to separate them as well. All crystals used for neu-
tron scattering experiments are carefully selected piece
by piece to make sure the impurity phases of CaFeAsF
or KFe2As2 as less as possible.
B. RAW DATA OF NEUTRON SCATTERING
EXPERIMENTS
Neutron scattering experiments were carried out us-
ing thermal triple-axis spectrometer Taipan at Aus-
tralian Centre for Neutron Scattering, ANSTO, Aus-
tralia, where the final neutron energy was fixed as Ef =
14.8 meV, with a pyrolytic graphite filter, a double fo-
cusing monochromator and a vertical focusing analyzer.
The scattering plane [H,H, 0] × [0, 0, L] was defined by
Q = (H,K,L) = (qxa/2pi, qyb/2pi, qzc/2pi) in recipro-
cal lattice unit (r.l.u.) using the tetragonal lattice:
a = b = 5.45 A˚, c = 30.02 A˚. The resolution of Taipan
in the energy range we measured is about 1∼2 meV, and
specifically is about 1.8 meV for E = 16 meV.
Before the inelastic measurements, we firstly per-
formed elastic neutron scattering measurements to check
the sample mosaic and quality. Fig. S3a and S3b
show that the sample mosaic is about 4.5◦ for (0, 0,
4) Bragg peak and 4.4◦ for (2, 2, 0) Bragg peak, re-
spectively. Assuming there are some impurity phases of
CaFeAsF and KFe2As2 with same c−orientation as all
samples are very thin, we can check them by a broad
rocking curve measurements (S1 scan) when fixing the
scattering angle 2θ (S2 angle in spectrometer definition)
at their reflections (0, 0, 1) or (0, 0, 2) with different
lattice parameters. Such peaks are away from the first
peak of KCa2Fe4As4F2 (Q =(0, 0, 2) with S1 ≈ 0◦ and
S2 = −8.7◦ ), if they exist. In our measurements, both
peaks were not found by scanning S1 from −20◦ to +20◦.
Therefore, the bulk sample mount is dominated by pure
KCa2Fe4As4F2 phase. We also check the L−modulation
of the Bragg peaks at Q =(0, 0, L), (0.5, 0.5, L) and (1,
1, L), the L = even nuclear scattering is very clear but
broad in peak width, and at L = 7, there possibly is a
supurious peak from aluminium sample holder (Fig. S3 e,
f, g). For (0.5, 0.5, L) scan, it is flat and just incoherent
backgrounds, also suggesting no stripe-type [20, 21] or
spin-vortex-type [22, 23] antiferromagnetic orders in our
sample, which is consistent with previous reports [1, 2].
Figure S4 summarizes the raw data of energy scans at
Q = (0.5, 0.5, L) (L = 1, 2, 3, 4, 5, 6, 8, 10). The signal
grows quickly at low energy when close to the elastic
tail. A strong peak appears around 16 meV for almost all
scans that can be accounted for the phonon scattering of
aluminum holders involved with the magnetic scattering
from the samples. As the phonon signal wouldn’t change
within the temperature range 8 - 40 K, the neutron spin
resonance can be identified by the intensity gain after
9subtracting the raw data above Tc from the data below
Tc (Fig. 3a).
Figure S5 shows constant-energy scans along L direc-
tion at fixed E = 6 meV and 17 meV. For E = 6 meV, the
intensity both at 8 K and 40 K decreases as L increases,
which is roughly in compliance with the Fe2+ form fac-
tor. While at E = 17 meV, the intensity raised quickly at
large L due to the enhancement of phonon excitations at
large Q. The L−modulation of the resonant mode thus
can be also obtained by the different intensity between 8
K and 40 K (Fig. 3b).
In order to figure out the momentum dependence of
the spin resonant peak, we have carried out measure-
ments over a wide range of E (E = 6, 10, 11, 12, 13,
14, 15, 16, 17, 17.5, 18, 19, 20, 22 meV) along [H,H, 6]
direction, as shown in Fig. S6. The data for E = 3 meV
is similar to 6 meV case thus it is not shown here. The
phonon supurious persist in almost all these Q−scans,
and increases upon energy when disperse to high Q posi-
tions. At the energies where E is well above the resonant
energy ER = 16 meV, such as E = 19, 20, 22 meV,
this strong peak at 8 K and 40 K has almost the same
counts for its nature of phonon excitations. While around
the resonant energy, clearly differences can be seen when
cooling down below superconducting temperature. The
weak peaks marked at the data both above and below Tc
represent the magnetic scattering signal in normal state
and superconducting state, suggesting incommensurate
features in both states. After subtracting the 40 K data
from 8 K data, we thus plot the spin resonance along
[H,H] direction for each energy (Fig. S6 b1-b14). We
have used double-Gaussian-peak function to perform the
fittings for E = 12 ∼ 17.5 meV, where
∆S(Q,ω) =
A1
w
√
pi/2
e−2
(H−0.5−d)
w2
2
+
A2
w
√
pi/2
e−2
(H−0.5+d)
w2
2
.
(1)
Here we simply suppose the two peaks have same width,
but different intensities due to the normalization effect
from Fe2+ form factor and instrument setup. the pa-
rameter d is the incommensurability. For those energies
where the curves display only one broad peak, we use
single peak Gaussian function to fit the data. As E de-
creases from E = 20 meV to 11 meV, the commensu-
rate resonant peak splits into two incommensurate peaks
with larger d at the lower energies. The Full-With-at-
Half-Maximum(FWHM) increases when E moves upon
energy. When E < 12 meV, the net intensity becomes
negative around Q =(0.5, 0.5) first and spread to the
entire zone at E = 6 meV.
We also check the L−dependence of incommensurabil-
ity by measuring Q−scans at 12 meV both for L = 3
and L = 6, as shown in Fig. S7. The spin resonance
shows same incommensurate peaks at similar positions,
but the intensity is different for the normalization effect
from magnetic form factor.
Figure S8 shows the contour plot of [H,H] scan both
below and above Tc. Strong phonon excitations can be
clearly seen at both temperatures. While in the region
E = 14 - 19 meV and H = 0.3 - 0.7, intensity difference
can be found for the spin resonant signal below Tc (Fig.
3d).
C. SUPERCONDUCTING GAPS AND FERMI
SURFACES
The iron-based superconductors are multiband sys-
tems. Multiple hole-like Fermi pockets around Γ point
are separated from the electron-like Fermi pockets around
M point, and superconducting gaps usually have differ-
ent magnitudes (probably different signs) on each pocket
[24]. For a fixed kz plane, the gaps are s−wave like
with almost identical and nodeless within one pocket.
Two distinct pairing symmetries are proposed: either the
sign-reversed s±-wave pairing mediated by inter-band re-
pulsive interactions (driven by antiferromagnetic (AF)
fluctuations) on the separated Fermi pockets [25–30] or
sign-preserved s++ pairing mediated by inter-band at-
tractive interactions (driven by orbital fluctuations) [31–
34]. In the both scenarios, the pair-breaking energy is
the sum of superconducting gaps on the hole and elec-
tron pockets connected by wavevector Q: ∆tot = |∆k|
+ |∆k+Q|, which also defines the spin-flip continuum en-
ergy (~ωc) of the spin-exciton under s±-pairing as well
[35–39]. When ∆k = ∆k+Q = ∆, ~ωc = 2∆ is similar to
that in cuprates [40, 41]. If the sizes of hole and electron
pockets are nearly the same, then the inter-band intra-
orbital scattering will be enhanced for the Fermi surface
nesting (weak-coupling picture) [27]. In this case, the
neutron spin resonance induced by s±-pairings is always
commensurate at the wavevector Q linking the pair of
hole-electron pockets (usually it is at (pi, pi))). However,
when the hole and electron pockets mismatch in sizes,
thus Fermi surface nesting fails, the s±-pairings mediated
by short-range AF fluctuations (strong-coupling picture)
[28–30] can still induce a spin resonance [37], but now it
is incommensurate in reciprocal space with a incommen-
surability d =
√
|r21 − r22| determined by the the radiuses
of hole and electron pocket r1 and r2 [42].
In our previous study, high resolution Laser-Angle-
Resolved-Photoemission-Spectroscopy (ARPES) mea-
surements were performed on the single crystal samples
of KCa2Fe4As4F2. The energy resolution was about 1
meV and the angular resolution was about 0.3◦ cor-
responding to 0.004 A˚−1 momentum resolution at the
photon energy of 6.994 eV. We have observed three
dominate hole pockets (α, β, γ) and one tiny electron
pocket (δ) with clearly bilayer splitting effects on β and
γ bands [43]. The radius and superconducting gaps
of these Fermi pockets are quite different, as shown in
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Fig. S9. The superconducting gaps can be described by
a complex gap function, ∆s =| ∆0(cos kx + cos ky) ±
∆z[cos(kx/2) cos(ky/2)] | /2, where ∆α0 = 5.6 meV,
∆β0 = 6.8 meV, ∆
β
z = 4 meV, ∆
γ
0 = 3.3 meV, ∆
γ
z = 0.2
meV and ∆δ0 = 5.3 meV.
For comparison, we have also performed Density Func-
tional Theory (DFT) calculations with a plane wave ba-
sis set by using the experimental lattice parameters [1].
Pseudo-potential and Plane-Wave Self-Consistent Field
methods were used in our calculations based on Quan-
tum Espresso code [44]. The plane wave cut off en-
ergy was set to 35 Ry after performing convergence test.
Self-consistent-field (SCF) calculations were performed
on 10×10×10 grid in k space. The Fermi surfaces are es-
timated using CASTEP code, visualization tool ”Fermi
surfer” was used to show contribution of different or-
bitals, too [45]. The cut off energy and k mesh for
SCF calculation were set as 500 eV and 26×26×37. The
DFT results are presented in Fig. 1b, 1c, and Fig. S10.
The partial density of states (PDOS) at Fermi level is
dominated by three orbitals: dxz, dyz and dxy similar
to other iron arsenides (Fig. S10b). Orbital projected
band structure shows 6 hole-like bands around Γ point
and 4 electron-like bands around M point (Fig. S10a).
Consequently there are 6 hole pockets at Brillouin zone
centre (the outer two bands are doubly degenerate) and
4 electron pockets around Brillouin zone corner (two of
which are nearly degenerate), as marked in Fig. 1b, 1c
and Fig. S10c (where the two degenerate bands are con-
sidered as one). Orbital character of the bands are shown
with different color codes (Fig. S10d - S10h).
The superconducting gaps and radii of each Fermi
pockets from ARPES measurement and DFT calculation
results are summarized in Table S1. The total gaps
∆tot and incommensurability d of various scattering
wavevector Q ± d are deduced from the data in Table
S1 and listed in Table S2. For convenience, we have
used the average size of electron pockets in DFT results
(r2 = 0.24pi/a). In both cases, the values of d are similar,
and ∆tot decreases when d increases, as shown in Fig. 4a.
Table S1. Superconducitng gaps and Fermi pocket sizes in
KCa2Fe4As4F2.
pocket α β1 β2 γ1 γ2 δ1 δ2 δ3
ARPES Gap (meV) 5.6 4.1 7.9 2.1 1.9 5.3 - -
DFT radii (pi/a) 0.14 0.38 - 0.47 0.49 0.18 0.24 0.29
ARPES radii (pi/a) 0.10 0.22 0.23 0.43 0.44 0.04 - -
∗ Electronic address: slli@iphy.ac.cn
Table S2. |∆tot| and d in KCa2Fe4As4F2.
scattering vectors α→ δ β1 → δ β2 → δ γ1 → δ γ2 → δ
ARPES ∆tot (meV) 10.9 9.4 13.2 7.4 7.2
ARPES d (r.l.u) 0.046 0.108 0.113 0.214 0.219
DFT d (r.l.u) 0.097 0.144 - 0.201 0.216
† Electronic address: hqluo@iphy.ac.cn
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FIG. S1: Photos and X-ray diffraction patterns of KCa2Fe4As4F2 single crystals. a, Co-aligned crystals on aluminum
plates for neutron scattering experiments. b, Sample mount in the [H,H,L] scattering plane. c, X-ray diffraction patterns
with incident beam along c−axis.
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FIG. S2: Superconducting properties of KCa2Fe4As4F2 crystals. a, Temperature dependence of the resistivity within
the ab−plane, the data is normalized by the resistivity at 300 K. Insert shows the superconducting transition at Tc = 33.5 K.
b, Magnetic susceptibility measurements by zero-field-cooling (ZFC) and field-cooling (FC) methods with H//ab.
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FIG. S9: ARPES results for the Fermi surfaces and superconducting gaps.
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FIG. S10: DFT calculation results for the band structure and Fermi surfaces. a, Electronic band structure and
its orbital distributions. b, Partial-density-of-state (PDOS) for each orbital of Fe2+. c, Fermi surfaces and their sizes. d - h,
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